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Effects of kelp forest removal on associated fish
assemblages in central California

James L. Bodkin
U.S. Fish and Wildiife Service, National Ecology Cenier. Institute of Marine Sciences. University of
California at Santa Cruz, Santa Cruz. Californio. U/.5.A.

(Received 8 April 1987, revision received 12 January 1938; aceepted 25 January 1988)

Abstract: Visual surveys zlong subtidal belt transects were used to compare fish assemblages on an
experimental and a controt site before and after the removal of a canopy-forming kelp forest. The giant kelp
Macrocystis pyrifera (L.) C.A. Agardh was removed at the holdfast from = | ha of high relief structurally
complex rock substratum. The abundance of seven species of fish, of which five were considered midwater
specics, significantly declined after the kelp was removed. No increases in abundance were noted within
the experimental site. On the control site, two declines in abundance were observed, while two species
increased in abundance. These results indicate that the presence of a giant kelp forest may increase the
abundance and species diversity of the fish assembiages over 2 high relief rocky reef in central California,
U.S.A.
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INTRODUCTION

The complexity of habitat structure has been recognized as one of the factors
contributing to diversity and abundance in fish communities on coral reefs (Luckhurst
& Luckhurst, 1978) and rocky reefs (Alevizon & Brooks, 1975; Bell, 1983). Such
structural complexity may be provided by both biotic (e.g., coral reefs and kelp forests)
and abtotic (rock, metal or concrete) elements. In general, the fish assemblage supported
by a structurally complex reef system (indicated by high vertical relief and interstitia
space) is larger and more diverse than that supported by one less complex (Quast,
1968a; Alevizon & Brooks, 1975; Ebeling et al., 1980; Bell, 1983; but see Palton et al.,
1985, for an exception). Increased structural complexity increases shelter, or refugia,
available to fish, while also providing habitat for the prey species used as a forage base
by reef fishes. Within the temperate nearshore marine environment, macroalgae may
provide physical orientation and add considerably to the structural complexity of rocky
substratum, serving as an extension of the substratum up into the water column (Quast,
1968a; Wheeler, 1980).
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The canopy-forming kelp forests off the west coast of North America support
abundant and diverse assemblages of fish (Limbaugh, 1955; Quast, 1968a,b; Miiler &
Geibel, 1973; Leaman, 1980). The kelp forest habitat comprises two distinct com-
ponents: the substratum or reef on which the kelp grows and the kelp that makes up
the forest. Substratum components range from nearly flat, with little structure, to large
rocky outcrops with high vertical relief and complex structure. The most conspicuous
kelp in central California, Macrocystis pyrifera (L.) C. A. Agardh, is a surface canopy-
forming species, while Laminaria spp., Pterygophora californica Ruprecht, and other
algal species commonly form an epibenthic canopy.

The abundance and diversity of fishes associated with kelp forests have been
investigated over rocky reefs with various degrees of bottom relief (Quast, 1968b; Miller
& Geibel, 1973; Russel, 1977; Ebeling et al., 1980). These primarily descriptive studies
have led to two general conclusions: (1) that over similar substratum structure, standing
stocks of fishes are larger in areas with kelp than in similar areas lacking kelp, and
(2) kelp forests per se are not a requirement for large fish populations, particuiarfy over
high relief substratum.

The cbjective of the present study was to experimentally determine the effect of the
removal of a Macrocystis forest on the abundance and diversity of the associated fish
assemblages on a structuraily complex rocky reef.

METHODS AND MATERIALS

The study site was a forest of giant kelp, 300 m southeast of Point Piedras Blancas
(35°40°N:121° 17" W), San Luis Obispo County, California, U.S.A. The kelp forest
grew from a high relief rocky reef from 11 to [5m beneath the sea surface. The
immediate reef comprised = 5 ha and was surrounded by sand. The site was selected
because its fish assemblage was typicai of that in other kelp forests in northern San Luis
Obispo County {(Bodkin, 1986) and was of a configuration and dimension amenable to
the experimental manipulation.

The study area was divided into two sections, a cleared site of =1 ha, from which
all Macrocystis plants were removed (Transects 1-3), and a control site, also ~ 1 ha
(Transects 4-6), adjacent to the cleared area (Fig. 1). To minimize the effects of kelp
forest bordering the clearing, I oriented the cleared site so that only one side bordered
the remaining kelp forest. The rest of the experimental site was bordered by sand
(Fig. 1). Three permanent transects were established within each site radiating from an
eyebolt embedded into the rock substratum,

Visual subtidal fish surveys were conducted along modified beit transects (Brock,
1954; Quast, 1968b; Bodkin, 1986} 50 m long. Each survey consisted of a benthic and
midwater component. The benthic surveys were made along a belt 4 m wide, and
included all fish at rest or moving through the transect in front of the diver within
=0.5 m of the bottom. The midwater survey, designed to include fish throughout the
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water column, included repeated ascents and descents, at = 5-m intervals, along the
50-m transect. The width of the midwater transect was equal to twice the water visibility
as measured 2m above the bottom (sec Bodkin, 1986). To ensure consistency, 1
conducted all the surveys.

“:Pt. Piedras Blancas

California Control

U site —
oy

100M

p——

Fig. 1. Study area: Point Piedras Blancas, California U.5.A_ (35°40'N : 121°17° W), showing experimental
area (hatched) and control area (open).

Fish counts were reduced to densities (number of fish - 100 m ~2) and {requency of
occurrence for each transect, for both benthic and midwater components. Because
variation within subtidal fish transects was high, duc to fish mobility, I regarded each
transect survey as a distinct subsample of the population (Bell, 1983). Species richness,
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as defined by the number of species at each site, was also used to compare fish
assemblages before and after treatment. Multiresponse permutation procedures
(MRPP) (Miclke er al., 1981; Mielke, 1984) were used to analyse the fish assembiages
encountered during this study. Each site was tested for changes in the assemblage of
fishes, considered as a group, pre- and postmanipulation. Fish densities were then
compared species by species within each site before and after the forest removal. The
MRPP test statistic is based on the within group average of the pairwise distance
measures between object response values in a euclidian data space (see Biondini er 2/,
1985; Zimmerman et al., 1985). This test does not require the data to be from a normally
distributed population or that there be a homogencity of variances. The fevel of
significance accepted for all statistical tests was <0.05. Fish were sampled along each
transect three times prior to kelp removal and three times after.

On both sites a permanent transect (30 x 2 m) was established to describe the
abundance of both understory and canopy-forming kelps (Transects 2, 5, Fig. 2}. A
bottom profile along each of the six transects was obtained by measuring the water depth
at each consecutive meter along each transect. These data were then used to calculate
a habitat relief index for each transect as

50

Z Vx, = {x, + DI,
(=0
where x, is water column depth {m) at ith m along transect line.

Preciearing surveys were conducted from September 1984 to August [985. From 20
1o 30 August 1985, = [ ha of the kelp forest was removed to create the experimental
area. Holdfasts were cut through, allowing all living portions of the plants to drift free
of the study area. Infrared aertal photographs were taken before (5 August) and after
(12 September) the kelp removal to quantify the size of the study area. Postmanipulation
surveys were made from September to November 1985. Due to the farge scale of the
experimental manipulation required in this study, it was not practical to replicate
treatments.

RESULTS

PRECLEARING OBSERVATIONS

Preclearing transects were characterized by seven species observed in midwater
transects (midwater fish) (Table I} and 22 species of primarily benthic fish (Table II).

Midwater samples were dominated both numericaily and in frequency of occurrence
by Sebastes mystinus (Jordan et Gilbert). Midwater species composition at the two sites
were nearly identical prior to the kelp removal. DifTerences in densities of three species
of midwater fish were observed. Juvenile rockfish (Sebastes spp., principally 5. mystinus)
were relatively more abundant on the experimental site, but adult 5. mystinus and
Oxyjulis californica (Gunther) were more abundant on the control site (Table I).



EFFECTS OF KELP FOREST REMOVAL 23

Species composilion and abundance of benthic fishes were relatively consistent
between sites compared to midwater transects (Table II).

TasLe 1

Species seen along midwater transects at two sites before and after removal of giant kelp from experimental
site: mean density (no. 100 m ~?) and (in parentheses) frequency of occurrence (on scale of 1: 10).

Species Experimental site Control site
Pretreatment Posttreatment Pretreatment Posttreatment
Sebastes mystinus 10.2* It 19.2 205
Blue rockfish {(19) (9} (10} (10)
Sebastes serranoides 0.3 r? 08 04
Olive rockfish N {1) N (im
Sebastes melanaps 1.o' 0.01 1.8! 0.1
Black rockhsh (9 1} {6) {3)
Sebastes atrovirens 0.47 0.0 0.13 0.t
Kelp rockfish (4) (6} (6)
Sebastes spy. 428 110 10.1 169
Juvenile rockfish (8} (9} {(6) {10}
Oxyjuits californica 0.4 0.0 13.0 91
Senorita N (&) (B)
Aulorhynchus flavidus 0.0 0.0 0.0 21
Tubesnout n
Chromis punctipinnis 0.0 0.0 0.22 0.44
Blacksmith {n {1
Phaneradon furcatus 0.0 0.0 8.0 2
White scaperch (n
Total mean density 55.1 14.1 452 49.7
Total number of species 6 4 7 9

! Density difference before and after treatment significant (P < 0.05). 2 = trace (<0.05).

POSTCLEARING SAMPLES

Pastclearing transects were characterized by nine species observed on midwater
transects (Table I) and 23 species of benthic fish (Tabte II).

Results of the MRPP indicated a significant change in the fish assemblage after the
treatment, within the experimental site (P = 0.00063), while no change was observed
within the control site. Analysis of the four groups (pre- and postmanipuiation) within
the experimental and control sites provide a £ value of 0.00007 that the observed results
would be expected, given there was no difference between groups due to the manipu-
lation.

The abundance of five species of midwater rockfish S. mystinus, S. serranoides
(Eigenmann et Eigenmann), S. atrovirens (Jordan et Gilbert), S. melanops Girard, and
juvenile Sebastes spp. (treated as a single species) decreased significantly on the
experimental site following the removal of the Macrocystis canopy. Two significant
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Tasee 11

Species seen along benthic transects at two sites before and alter removal of giant kelp from experimental site: mean
density {no. 100 m ~?} and {in parentheses) frequency of occurrence (o scale of 1: 10)

Species . Experimental site Control site
Preireatment Posttreatment Pretreatment Posttreatment
Sebartes chrysomelas 2 1.3 216 1.3
Black-and-yeHlow rockfish (9} (3] {10 (8)
Sebastes melanops 0.90 0.94 033! 1.26
Black rockfish (10} 3 {6) {3)
Sebastes atravirens 143 1.23 1.72 .67
Kelp rockfish (%) %) ()] (6}
Sebastes mystinus 028 0.17 0.28 o
Blue rockiish 1)) (2} 2 {2)
Sebastes miniatus 0.0 0.0 0.39 0.16
Vermillion rockfish {4) (2)
Sebastes serranoides 0.17 011 0.0 0.0
Olive rockfish {n {2)
Sebartes carnatis 0.0 0.0 0.06 0.06
Gopher rockfish ()] ()
Sebastes caurinus 011 0.0 0.8 0.0
Copper rockfish ) ;
Sebastes raswrelliger 0.06 0.0 0.0 0.0
Grass rockfish ny ‘

Sebastes spp. - 123 0.78 6.9 1.1
Juvenile rockfish (6) (4) [£.1)] {4}
Oxylebius pictus i 4.47 116 137

Painted greenling (10) (10) (10} (10)
Hexagpr decagr 0.55 0.39 0.61 0.84
Kelp greenling () &) (%) ) (10}
Ophiodon elongatus 0.1t 0.06 0.1 011
Ling cod 2} n (1 {2}
Embiotoca jacksons 1.41 1.47 1.73 245
Black perch 9) {1 (10} (10)
Embiotoca lateralis 1.27 L.15 2.6 27
Striped seaperch (8) 8] "N "
Rhacochifus vacea L5 0.2 0.67 0.73
Pile perch (10) {6) (7N N
Hypsurus caryi 0.89 0.0 e 0.44
Rainbow seaperch (4) () K}
Caoryphopterus nicholss 0.61 0.39 19 0.50
Blackeye goby ! (4} (4} (6) {6}
Scorpaenichthys marmoratus 0.17 0.0 0.05 0.11
Cabezon (3 {1y (2)
Orthonopias triacis 044 0.3% 0.44 0.61
Snubnose scuipin (%) (6) (7 N
Artedius corallinus 0.06 0.06 0.06 0.0
Corraline sculpin (n (1) (1)
Citharichthys sp. 00 0.56 0.0 0.0
Unidentified left-eye flounder (6)

Semicossyphus pulcher 0.0 0.06 017 0.06
California sheephead {juvenile) {1} N : (n
Platyrhinotdis triseriata 0.0 0.0 0.0 0.06
Thornback {)]
Unidentified fish 0.2 0.06 0.0 0.0

@ @)
Total mean density 285 139 255 17.0
Total number species 19 7 19 19

! Difference before and after treatment significant (£ < 0.05).



TanLE 11

Estimates of biomass (density x mass®) of conspicuous fish, before and afier kelp removal (uncommeon and smalt species not included), for experimental and

contrel transects,

Species Estimated biomass Experimental site Estimated biomass Control site
Preforest Postforest Preforest Postforest
removal removal removal removal
biomass bicmass biomass biomass
(kg- 100 m-2) (kg 100 m~?) (kg- 160 m~2) (kg 100m~%)
Midwater
Sebastes mystinus 45 1.4 8.40 2.00
Sebastes serrancides 02 2 0.5 03
Sebastes airovirens 0.2 0.0 0.1 |
Sebastes melanops ' D4 t 08 |
Sebastes (juvenile) 09 0.2 0.2 0.4
Subtotal 6.2 1.6 10.0 9.1
Benthic
Sebastes chrysomelas 0.8 0.5 08 05
Sebaster atrovirens 0.5 0.5 0.6 03
Sebastes melanops 04 04 02 0.5
Sebastes serranoides 0.t 0.1 0.0 0.0
Sebastes (juvenile) 03 t 0.1 !
Hexagrammoy decegrammus 0.3 02 03 0.4
Ophiodon elongatus 0.3 0.3 0.3
Embiotoca jacksoni 07 0.7 0.8 b2
Embictoca lateralis 05 0.5 1.2 1.3
Rhacochifus vacea 0.7 0.1 0.3 0.3
Hypsurus caryi 0.4 0.0 ! 0.2
Subtotal (kg- 100 m~2) 5.0 3.0 46 50
Total (kg-ha~") (1.2 4.6 146 14.7
=0.112%g-m~? =0046 kg-m~2 =0.146 kg-m~? =0.147kg'm"?

' From collections or estimated from total lengths. ¢ = trace.

IVAOKWANE LS3804 4794 40 §103443

14
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changes in midwater fish densities were observed on the controt site; S. melanops
decreased in abundance while Awlorhynchus flavidus (Gill) increased, following the
manipulation. The frequency of sighting of S. serranoides, S. atrovirens, and §. melanops
on the experimental site declined after the forest was removed; (5. melanops also
declined on the control site after the kelp was removed from the experimental site).

Changes in densities following kelp removal were substantially fewer among benthic
species than among those considered midwater species. The density of S. melanops
increased significantly on the controt site following the manipulation, while juveniie
Sebastes spp. decreased. On the experimental site, Rhacochilus vacca (Girard) and
S. Chrysomelas (Jordon er Gilbert) decreased in density and frequency after keip
removal.

Estimates of the relative contribution of each common or conspicuous species to the
total biomass within the experimental and control sites, before and after the keip clearing
(Table III), indicated that the estimated total biomass declined by = 63°%;, on the cieared
site, but remained unchanged on the control site. Declines in the abundance of midwater
species accounted for 657, of the change in the clearing (S. mystinus accounted for 449
of this decline). Prior to the manipulation, 25 and 26 species were seen on the experimen-
tal and control sites, respectively; following forest removal, the number of species
declined to 21 on the experimental site and increased to 28 on the control site.

Tranamet Hahnitar Rellet indes
18.9
238
19.5
258

1

3
4
4

Transect $

Control site

Mean depth= 9.Tm
Habitat Aallaf Inden = 19,8

H,0 DEPTH (m)

Transect 2
Exparimantal site

[URY ;f Maan depih = 0.8m
Habliat Rallel (ndan = 244

0 2 4 € 8 10 1214 18 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
METER MARK ALONG TRANSECT LINE

Fig. 2. Bottom profiles for Transects 2 (experimental site) and § (control site} and habitat relief indices (or
all transects (Transects 1-3 experimental site; Transects 4-6 control site).
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HABITAT

Both bottom profile, or relief ( Fig. 2), and Macrocystis densities (Table IV) indicated
structure in the experimental and control sites were homogenous. One notable exception
was the greater density of the understory kelp Laminaria dentigera Kjellm occurring on
the control site.

TasLE IV

Density (no. ' m ~?) of canopy-forming and understory algae along Transects 2 and 5 in experimental and
control piots before kelp removal. Total area sampled was 60 m®.

Canopy Understory
Macrocystis pyrifera Laminaria dentigera Prerogophora californica

Experimental site

{60 m? sampled)

(no.-m-2) 0.10 0.02 0.12
Control site .

{60 m? sampled)

(no.-m~2) 0.08 0.48 015

Discussion

Removal of the kelp forest created an arca between the substratum and the surface
largely devoid of structure, thus eiiminating refugia, foraging substratum, and physicai
orientation that the forest provided to this fish assemblage. Although the high-relief
rocky reef provided extensive crevice habitat and structural complexity to the sub-
stratumn, virtually ail physical structure in the water column was provided by the kelp.
Following removal of the kelp forest, there was a significant decline in abundance of
seven fish species within the clearing (Tables I-II); five of which were principally
midwater species of the genus Sebastes, of which one, S. atrovirens, disappeared after
the kelp removal. One of the benthic species, R. vacca, has been considered a “commuter
species” (Ebeling e al., 1980, p. 412) that occurs both near the substratum and in the
water column.

On the control site, one benthic species, juvenile Sebastes spp., significantly decreased
in abundance during this study, although another species, S. melanops, increased in
density. This increase in numbers of the benthic §. melanops may have been a result of
relocation of midwater S. melanops from both the experimental and control areas, where
they exhibited a significant decline.

The abundance of S. mystinus, particularly juveniles, may play a key rdle in deter-
mining the abundance of other kelp forest fishes in central California. The large numbers
of fish in the forest prior to the experiment may have been a result of the shelter and
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prey available in the forest. S. mystinus have been observed using Macrocysiis as both
a foraging substratum from which epizooics are taken and as a direct source of nutrition
during non-upwelling periods (Hallacher & Roberts, 1985). In terms of absolute
numbers, juvenile rockfish (principally S. mystinus) exhibited the greatest decline follow-
ing the kelp clearing (Table I). Carr (1983) described the use of the Macrocystis canopy
by large numbers of juvenile rockfish as a nursery and refuge area. Juvenile rockfish,
principally S. mystinus, have been recognized as an important prey item for piscivorous
kelp forest fishes such as S. serranoides, S. melanops, S. atrovirens, §. carnatus (Jordan
et Gilbert) and S. cArysomelas (Hallacher & Roberts, 1985), The abundance of four of
these species declined significantly on the experimental plot after removal of the forest
(Tables I-1I). Given the trophic connection between juvenile S. mystinus and other kelp
forest piscivores, acausal link between kelp forest removal and declining fish abundance
may be made. This suggested mechanism iilustrates but one way in which kelp forest
removal modifies fish habitat, in this instance removal of the juvenile rockfish nursery
area and consequently the forage base it provided to larger kelp forest predators.

The total estimated biomass on the experimental site declined from 0.11 to

'0.04 kg-m 2 (Table I11), largely as a result of declines in abundance of midwater
spectes, particuiarly S. mystinus (Table IIT). Within the control site, total estimated
biomass remained unchanged at 0.15 kg- m =2 before and after the manipulation. The
estimated biomass of fish in the experimental site following the forest removal was
similar to that found in forests of bull kelp Nereocystis luetkeana (Mertens) Postels et
Rupreciit in central California (0.04 kg- m ~?), 4 temporally less stable and less struc-
turally complex canopy-forming kelp species (Bodkin, 1986).

The relation between substratum type, kelp cover, and fish abundance has only
recently been evaluated and quantified. Larson & DeMartini (1984), who compared two
areas with similar low relief substratum, one with kelp, the other depauperate of kelp,
concluded that in areas of low relief, kelp forests can enhance the standing stock of
fishes. On the other hand, Stephens er al. (1984), who compared fish assemblages in
an area of high bottom relief before and after the development of a kelp forest, concluded
that “the presence or absence of kelp has little effect on the abundance of most fish
species in a high relief environment.” Both of these studies were conducted in forests
of Macrocpstis in the Southern California Bight.

Ebeling & Laur (1988), after comparing fish assemblages on two reefs near Santa
Barbara, California, during periods of urchin dominance and kelp dominance, con-
cluded that a net increase in fish abundance and diversity could be expected following
the change from urchin barrens to kelp forest, although the presence or absence of kelp
seemed to be of little consequence to some common species, e.g., Chromis punctipinnis
{Cooper).

Laur eral. (1988), who monitored fish assemblages from 1976 to 1980 following
changes from urchin-dominated reefs to kelp forests in southern San Luis Obispo
County found that greater numbers of fishes were observed in the kelp forests and that
juveniles recruited to the kelp canopies,
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When considering the results of this study in relation to the work of Larson &
DeMartini (1984) and Stephens eral. (1984), one must recognize that their work
involved fish assemblages that were characterized by fewer cold—temperate species
{e.g.. midwater rockfish) and more warm-temperate species (e.g., labrids and
pomacentrids} that may be less dependent on canopy-forming kelp forests (Ebeling &
Laur, 1988; Laur er af., 1988). One other notable difference beeween the present work
and that of Stephens e¢ al. (1984), Ebeling & Laur (1988), and Laur er af. (1988) is that
the observed effects in the present study were virtually immediate and probably not
influenced by seasonal oceanographic conditions, long term changes in the biological
structure of the kelp forest community, or varying patterns of fish movement or recruit-
ment.

The experimental manipulation in the present study was an attempt to quantify the
relative contribution of substratum and kelp forest to the abundance and diversity of
the kelp forest fish assemblage. The removal of the kelp forest constituted a severe
disturbance to the fish assemblage present prior to the clearing. The immediate effect
of this disturbance was the reduction in density, within the experimental site, of most
species of midwater fish with few benthic species exhibiting changes. Examination of
the fish densities within the control site suggests that those fish which were displaced
by the forest removal did not simply relocate to the nearest available kelp forest, but
may have dispersed over an area larger than the two hectare study site. The results of
this study indicate that the kelp forests of Macrocysiis along the coast of central
California can contribute significantly to the abundance and diversity of fishes over a
high relief structurally compiex substratum.

ACKNOWLEDGEMENTS

This work was supported by the Marine Mammai Section of the National Ecology
Center, U.5. Fish and Wildlife Service. 1 thank A. Doroff, L. Ferm, B. Hatfield,
R. Jameson, N. Nelson, §. Osmek, D. Reed, F. Scott, and G. Van Blaricom for their
assistance in the ficld work (as dive partners and kelp cutters); and B. Cowen, J. Estes,
G. Rathbun, G. VanBlaricom, and two anonymous reviewers for reading the typescript
and making valuable suggestions. I also thank S, Wright and P. Himian for their efforts
in manuscript preparation, and J. Richards and D. Carlson for their efforts in data
analysis.

REFERENCES

ALevizoN, W.5. & M.G. BrRooks, 1975, The comparative structure of two western Atlantic reef fish
assemblages. Bull. Mar. Sci., Vol. 25, pp. 482-490.

BeLL. J. D, 1983. Effects of depth and marine reserve fishing restrictions on the structure of a rocky reef
fish assemblage in the north-westernt Mediterranean Sea. J. Appl. Ecol., Vol. 20, pp. 357-169.

Bronoini, MLE., C.D. BoNHaM & E.F. REDENTE, 1985. Secondary successional patterns in a sagebrush



233 J.L. BODKIN

{Artemixia tridentata) communily as they relate to sotl disturbance and soil biological activity. Vegeratio,
Yol. 60, pp. 25-16.

Bopxin, J. L., 1986. Fish assemblages in Macrocystis and Nereocystis kelp forests off central California. /.5
Natl. Mar. Fish. Serv. Fish Bull., Vol. 34, pp. 799-807.

Brock, V.E., 1954. A preliminary report on a method of estimating reef fish populations. J. Wildl, Manage.,
Yol. 18, pp. 297-308.

Care, M., 1983. Spatial and temporal patterns of recruitment of young of the year rockfishes {genus
Sebastes) into a central California kelp forest M.Sc. thesis, San Francisco State University, San
Francisco, California, 104 pp.

EBELING, A. W, R.]. LARSON & W.5. ALEVIZON, 1980. Habitat groups and island—mainland distribution
of kelp bed fishes off Santa Bacbara, California. In, The California Itlands: proceedings of o muitidisciplinary
symposium, edited by D.M. Power, Santa Barbara Museum of Natural History, Santa Barbara,
California. pp. 403-431.

EseLiNG, A.W. & D.R. LAUR, 1988. Fish popuiations in kelp forests without sca otters: effects of severe
storm damage and destructive sea urchin grazing. In, The comumunity ecology of sea oiters, edited by G. R.
VanBlaricom & J.A. Estes, Springer-Verlag, Berlin, FR.G., pp. 169-191.

HavracHer, L.E. & D. ROBERTS, 1985. Differential utilization of space and food by the inshore rockflishes
(Scorpacnidae : Sebasies) of Carmel Bay, California. Environ. Biol. Fish., Vol. 12, pp. 21-110.

Larson, R.J. & E.E. DEMaARTINI, 1984. Abundance and vertical distribution of fishes in a cobble-bottom
kelp forest off 5an Onofre, California. U.S. Nael. Mar, Fish. Serv. Fish. Bull., Vol. 82, pp. 37-53.

Laur, D.R., A W.Engting & D. A, CooN, [938. Effects of sea otter foraging in subtidal reef communities
off central California. In, The community ecology of sea ortters, edited by G. R, YanBlaricom & . A. Estes,
Springer-Verlag, Berlin, F.R.G., pp. 151-167.

LeaMan, B. M., [980. The ecology of fishes in British Columbia kelp beds. 1. Barkley Sound Nereocystis beds.
Fisheries Development Report 22 British Columbia Minisiry of the Environment, Nanaimo, British
Columbia, Canada, 100 pp.

LimeauGH, C., 1953, Fish life in the kelp beds and the effects of keip harvesting. University of California
Institute of Marine Research. IMR Reference 55-9, pp. 1-158.

LucknursT, B.E. & K. LucxHURST, [978, Analysis of the inflluence of substrate variabies on coral reef
fish communitics. Mar. iol., Vol. 49, pp. 317-323.

MreLke, P.W., 1984. Meteorological applicztions of permutation techniques based on distance functions.
In, Handbook of statisiics, Voi. £: non parametric methods, edited by P_R. Krishnziah & P.K. Sen,
Elsevier/North-Holland, Amsterdam, The Netherlands, pp. 813-830.

MieLke, P. W K.J. BErry & G.W. BRrier, 1981. Application of multi-response permutation procedures
for examining seasonal changes in monthly mean sea-level pressure paiterns, Mon, Weather Rev., Vol. 109,
pp. 120-126.

MiLLER, D.D. & J.J. GEIBEL, 1973. Summary af blue rockfish and lingcod life historics: a reef ecology study;
and giant kelp Macrocysiis pyrifera, experiments in Monterey Bay, California. Calif. Dep. Fith Gamne Fish
Bull., Vol. 158, pp. [-137.

Parron, M.L.. R.S. GRove & R.F. HARMON, 1985. What do natural reefs tell ux about designing artificial
reefs in southern California? Buil. Mar. Sci., Vol. 37, pp. 279-198.

QuasT, ).C,, [968a. Fish {auna of the rocky inshore zone. In, Utifizaiion of kelp bed resources in southern
California, edited by W.J. North & C.L. Hubbs, Calif. Dep. Fish Game Fish Buil., Vol. 139, pp. 35-55.

QuasT, J.C., 1968b. Estimates of the population and standing crop of fishes. In, Utifization of kelp bed
resources in southern Califormia, edited by W.]. North & C.L. Hubbs, Calif. Dep. Fish Game Fish Buil.,
Yol. 139, pp. 57-79.

Russir, B.C, 1977. Population and standing crop estimates for rocky reef fishes of north eastern New
Zealand. N.Z. J. Mar. Freshwater Res., Yol. L1, pp. 23-16,

STEPHENS, IR, 1.5., P.A. Morris, K. ZErRea & M. Love, 1984, Factors affecting fish diversity on a
temperate reef: the fish assemblage of Palos Verdes Point 1974-1981. Environ. Biol. Fishes, Vol. 11,
pp. 259-275.

WHEELER, A., 1980. Fish~aigal relations in temperate waters. In, The shore environment, edited by J. H. Price
et af., Academic Press, London, UK., pp. 667-698.

ZIMMERMAN, G. M., H. GEOTZ & P.W, MIELKE, 1985. Use of an improved statistical method for group
comparisons to study effects of prairic fire. Ecology, Vol. 66, pp. 606=-611.



